The present study assesses the short-term association between black smoke (BS) and sulphur dioxide (SO 2 ) levels in urban air and the daily number of emergency room admissions for chronic obstructive pulmonary disease (COPD) in Niš, Serbia.
INTRODUCTION
Studies conducted in very different environments have consistently observed that admissions due to chronic obstructive pulmonary disease (COPD) increased on days with high pollution levels (1) (2) (3) (4) . Recent results suggest that adverse health effects of air pollution exist at levels of pollutants around and below the current national and international air quality guidelines and standards (5) .
People with COPD have been reported to be more susceptible to adverse health effects of air pollution than healthy people (6) . There are good evidence that pollutants, either primarily generated by combustion sources or secondarily produced after chemical transformation in the atmosphere, aggravate pre-existing chronic respiratory conditions, such as COPD. Fine and ultrafine particles from combustion sources are the most likely causes of the respiratory effects (7, 8) . Physical and chemical properties of particulate matter have been postulated to be determinants of toxicity: for example, metal content, oxidative potential, or being in the ultrafine size mode (<0,10 μm) (9) .
The short-term effects of pollutants have been the main focus for study, especially in time-series studies. Typically, effect estimates are given as an increase in the health outcome associated with a 10 μg/m 3 increase in pollutants concentrations. Acute effects are well established for total non-accidental and respiratory mortality, as well as respiratory hospital and emergency room admissions (10) . This is the first study providing quantitative estimates of the short-term effects of air pollution on emergency room admissions for COPD in our country. Relation with cardiovascular and total non-accidental mortality at current levels of exposure has already become apparent with recent time-series studies provided in Niš (11, 12) .
In this study, we evaluated the short-term association between black smoke (BS) and sulphur dioxide (SO 2 ), and all ages emergency room admissions for chronic obstructive pulmonary disease.
MATERIAL AND METHODS
Niš is the second biggest city in Serbia, a continental urban city area that covers 32 km 2 with 171,000 inhabitants. A major source of air pollutants is fuel combustion including motor vehicle emissions and residential wood, coal, and oil burning. Air pollution in Nis is generally below the limit, and usually within the values recommended by the World Health Organization (WHO). The climate is moderate continental.
The daily number of emergency room admissions for COPD in 2002 was obtained from a register of hospital respiratory emergencies, which included, in practise, all COPD emergency room admissions in the area. For COPD visits we used International Classification of Diseases Revision 10 (ICD-10) code J44. Clinical records of all the emergency room visits were reviewed by trained physicians.
Air pollution data were provided by the Public Health Institute of Niš. Daily concentrations of BS and SO 2 were obtained from the city monitoring network. Data included 24 hour average BS and SO 2 levels. In view of the low ambient concentrations, monitoring of nitrogen dioxide (NO 2 ) and ozone (O 3 ) in Niš has been confined to only one station in recent years. We have therefore excluded both NO 2 and O 3 from our study. The height of the measurement points was 2 m. The sampling protocol and the laboratory experiments was carried out by well trained and competent personnel and were done according to the Regulation of Guideline Values of Imission (Official Register Republic of Serbia 54/1992), as well as the International Organization for Standardization (ISO) standards and procedures. Pollutant measurements that failed to meet quality assurance criteria were excluded from the study. Missing air pollution data for 6% days of the period were treated as being missing completely at random and were dropped from the analyses.
Daily concentrations of BS (μg/m 3 ) were measured by the refractometry method. The sampling was performed by the means of a pump operating with a flow rate of 1 l/min through Whattman No.1 paper filters. The concentration of sulphur dioxide (μg/m 3 ) was measured by the pararosaniline method. The lower limit of detection of sulphur dioxide was 1.0 μg/m 3 . The association between COPD emergency room admissions and weather variables was assessed in the models including the significant time-related variables. The weather variables studied were temperature (daily minimum, maximum, and mean), relative humidity, dew point temperature, air pressure, precipitation, rainfall, snowfall, overcast, and wind velocity. The weather variables were obtained from Republic Meteorological Department.
Generalized linear model (GLM) extending Poisson regression was applied allowing for overdispersion. This model used COPD emergency room admissions counts as the response variable, the natural cubic splines of the calendar time, weather variables, the day of the weak and season as indicator variables, and air pollution as predictor variable.
The model fitting was based on Akaike Information Criteria (AIC). To construct the model, the appropriate lag periods for weather variables and pollutants that gave the smallest AIC value were used. The degrees of freedom for natural spline functions of time and weather variables influence approximation that gave the smallest AIC value were selected. The pollutant was fitted as linear term. Analyses were done using S-PLUS 2000 software.
We assessed the effects of lagging exposure for 0, 1, 2, and 3 days (lag 0, lag 1, lag 2, and lag 3 days, respectively) as well as cumulative lags (lag 0-1, lag 0-2, lag 0-3). Lag 0 was defined as the 24-hour period from midnight to midnight, of the day of the admission, and lag 1 as the preceding 24-hour period, and so on. In cumulative lags (lag 0-1, lag 0-2, lag 0-3), we examined average concentrations on the day of the admission and the previous days. Untransformed single pollutant concentrations were examined in unipollutant models. To study the combined effects of the pollutants, bipollutant models were constructed. Bipollutant models (in which both BS and sulphur dioxide were included together) examined the independence of any associations observed in unupollutant models.
The specific model formulation for emergency room admissions for COPD is given below: E[log(Yi)] = a + air pollution + pol(minimum temperature lag=1 , degree=2) + ncs(rainfall lag=3 , df=3) + snowfall + ncs(wind, df=7) + ncs(i, df=7) + day of week where i indicates the day in the time series, Yi is the number of emergency room admissions on day i, a is intercept, pol is polinomial function, ncs is natural cubic spline and df is degree of freedom.
RESULTS
The descriptive data of daily emergency room admissions for COPD, pollutants concentrations, and weather variables are presented in Table 1 . In the study, there were a total of 4,572 emergency room admissions for COPD in the city of Niš. The daily mean number of COPD emergency room admissions was 12.53±3. 26 After adjusting for weather and time-related variables, in unipollutant model, previous 1 day levels of BS were significantly associated with emergency room admissions for COPD (Table 2 and Fig. 1 ). For an increase of 10 μg/m 3 of BS the daily number of admissions for COPD in previous 1 day increased 1.60% (OR=1.01603; 95% CI: 1.00006 to 1.03226). The magnitude of the associations for current and lagged (lag 2 and lag 3) levels of BS were lower and statistically not significant. The associations were slightly stronger with a cumulative measure of BS. The mean of the current and previous 2 days (lag 0-2) concentrations of black smoke led to an increase of 2.26% (OR=1.02257; 95% CI: 1.00180 to 1.04378) of COPD admissions. There was no significant association between emergency room admissions for COPD and levels of BS lagged 0-1 and 0-3.
After controlling for SO 2 , in bipollutant model, BS remained a strong indicator of COPD admissions for lag 1 levels (OR=1.01790; 95% CI: 1.00008 to 1.03604). For an increase of 10 μg/m 3 of BS, the daily number of admissions for COPD in . For an increase of 10 μg/m 3 of BS, increase in emergency room admissions for COPD (lag 0-1 and 0-3) was 2.09% (OR=1.02086; 95% CI: 0.99998 to 1.04217) and 2.88% (OR=1.02877; 95% CI: 1.00427 to 1.05387), respectively. Table 3 and Fig. 2 summarise the results of SO 2 influence on emergency room admissions for COPD. No significant associations were found for SO 2 , even after controlling for black smoke.
DISCUSSION
Our study has shown a small but significant association of BS with emergency room admissions for COPD in Niš. In contrast, no significant associations were found for sulphur dioxide, even after controlling for black smoke.
Our results are consistent with previous studies showing associations of particulate pollutants with respiratory conditions. Time-series studies in North America have indicated that particles are related to emergency hospital admissions for respiratory conditions (13, 14) . Additional investigations (15, 16) , including studies in European cities (17) (18) (19) , have suggested that air pollutants have a role in explaining variations in respiratory admissions.
Studies conducted in different cities in Europe, USA and Australia have consistently observed that admissions due to COPD increased on days with high pollution values (20) (21) (22) . These results are consistent in demonstrating small but statistically significant increases in hospital emergency visits and admissions, in association with small elevations of air pollution (23) .
In 1991, Sunyer et al. (24) reported time-series analyses of air pollution and emergency hospital admissions for COPD in Barcelona, Spain, during 1985-1986. They found a weak, but statistically significant association between admissions for obstructive pulmonary disease and BS, SO 2 and carbon monoxide (CO). Daily emergency room admissions for COPD increased by 0.02 and 0.01 for each μg/m 3 of SO 2 and BS, respectively. The 5 year Barcelona study on emergency admissions for COPD confirmed previous results. In this study, an increase of 25 μg/m 3 in SO 2 was associated with a 6% to 9% increase in emergency room admissions for COPD during winter and summer, respectively. For BS, a similar change was found during winter, although the change was smaller in summer. The association of each pollutant with COPD admissions remained significant after control for the other pollutant (25) .
Subsequent studies in the USA and Canada have focused on particles and O 3 as the key pollutants associated with emergency room visits or hospital admissions for respiratory conditions and asthma (26, 27) . However, European time-series analyses conducted within the Air Pollution on Health, European Approach (APHEA) initiative (28) have suggested that gaseous air pollutants are more important determinants of acute hospitalization for respiratory conditions than particulate mass.
The APHEA study reported significant associations between daily values of SO 2 and the number of daily admissions for asthma in children (19) , but not with asthma or COPD in adults (17, 19) . In APHEA 2 project, in 8 European cities, it was found that an increase of 10 μg/m 3 in SO2 was associated with a 0.6% (95% CI 0.0-1.2%) increase in emergency room admissions for COPD and asthma at ages 65+years (29) .
Burnett et al. (16) have underlined the importance of considering all available air pollution measures to assess the health effects of a single pollutant. Even though there are difficulties in separating the effects of particles from those of various gases, the gases themselves may be surrogates for fine and ultrafine particles.
Fine and ultrafine particles from combustion sources are the most likely causes of the respiratory effects, given the evidence from panel studies (7, 8) . There is good evidence that particulate matter less than 10 μm in diameter (PM10) has free radical activity and causes lung inflammation and epithelial injury (30) . COPD patients have a systemic deficit in their antioxidant defenses (31) , and particles could have produced a significant additive oxidative stress (32) as a response to the inflammation of the lungs (33, 34) . Particles in the ultrafine size fraction have been shown to be able to penetrate into the alveolar region of the lung and in persons suffering from COPD and asthma the deposition is increased (35) . In shortage of the equipment for measuring PM10 and particulate matter less than 2.5 μm in diameter (PM2.5) we used black smoke measurement data. Black smoke represents a mixture with varying chemical and physical characteristics and different toxicity. However, WHO documents indicate that BS could serve as a useful marker in epidemiological studies and that BS concentration are much more directly influenced by local traffic sources than other pollutants (36) .
People with COPD have been reported to be more susceptible to adverse health effects of air pollution than healthy people (6) . However, the effects of ambient BS and SO 2 on the symptoms of patients with COPD are not well known. While some positive associations between BS, SO 2 , and respiratory disease, including COPD, have been found, the results have not been consistent. Our analysis of unipollutant and bipollutant models suggests that emergency room admissions for COPD was primarily associated with BS. Sulphur dioxide did not show a significant association with emergency room admissions for COPD in our study. Currently, the major source of pollution in Niš is fuel combustion and low quality motor vehicle emissions and SO 2 might be a surrogate of the traffic pollution mixture. Sulphur dioxide, a highly soluble gas, was predomonantly stripped out of the upper airways (27) , but the role of SO 2 in exacerbating COPD was less coherent. Sulphur dioxide (SO 2 ) causes bronchoconstriction in normal and asthmatic subjects after short term exposures (within five minutes) in chamber studies (37) . However, urban atmospheres in Europe rarely attain the levels of SO 2 used in human experiments (200 ppb) (38) .
Conclusions of our study indicates that air pollution is associated with increased emergency room admissions in Niš for COPD. These results are consistent with the international literature on the short-term health effects of air pollution, and provides evidence that current levels of air pollution in Niš are associated with adverse health outcomes. It appears that the health effects of BS mainly concern sensitive population subgroups with chronic respiratory illness, such as COPD. In contrast, no significant associations were found for SO 2 , even after controlling for black smoke. Our results indicate that SO 2 may be acting as a surrogate for a specific mixture of other pollutants.
Frequent COPD exacerbations appear to be associated with worsening health outcomes, and to estimate the potential public health benefit of reducing air pollution below various thresholds is important. Even a weak effect of air pollution on health will constitute an important problem, because of ubiquity of exposure for large populations (39) .
